Background: Heavy alcohol drinking is associated with a dose-dependent increase in blood pressure, but data on the relation between alcohol consumption and mortality in hypertensive patients are sparse.
erages, those who reported monthly, weekly, and daily alcohol consumption, respectively, had multivariate adjusted relative risks (RRs) for CVD mortality of 0.83 (95% confidence interval [CI] , 0.62-1.13), 0.61 (CI, 0.49-0.77), and 0.56 (CI, 0.44-0.71) (PϽ.001 for linear trend). In the same groups, RRs for total mortality were respectively 0.86 (CI, 0.67-1.10), 0.72 (CI, 0.60-0.86), and 0.73 (CI, 0.61-0.87) (PϽ.001 for linear trend). Among men with a systolic blood pressure of 140 mm Hg or higher or a diastolic blood pressure of 90 mm Hg or higher, the RRs for CVD mortality were, respectively, 1.00 (referent), 0.82 (CI, 0.56-1.21), 0.64 (CI, 0.48-0.85), and 0.56 (CI, 0.42-0.75) (PϽ.001 for linear trend). On the other hand, we found no significant association between moderate alcohol consumption and cancer mortality (P=.8 for linear trend).
Conclusion:
These results, which require confirmation in other large-scale studies, suggest that light to moderate alcohol consumption is associated with a reduction in risk of total and CVD mortality in hypertensive men. Med. 2004; 164:623-628 A RECENTLY PUBLISHED AMERIcan Heart Association Science advisory states that"patients who are hypertensive should avoid alcoholic beverages." 1 In contrast, earlier American Heart Association dietary guidelines 2 and a statement from the Sixth Report of the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC VI) 3 recommends limiting alcohol intake to no more than 2 drinks per day for men, and 1 drink per day for women, for the prevention and treatment of hypertension. Heavy alcohol consumption has been shown in observational studies to have a strong positive association with elevated blood pressure. [4] [5] [6] Clinical trials 7, 8 have demonstrated that reduction in alcohol intake among individuals who drink heavily (ie, 3 or more drinks per day) can lower blood pressure in normotensive and hypertensive men.
Arch Intern
In the general population, epidemiologic studies have consistently demonstrated an inverse association between moderate alcohol consumption and cardiovascular disease (CVD) mortality. [9] [10] [11] [12] [13] [14] Whether or not alcohol consumption has a similar association with CVD mortality among individuals with hypertension, however, is a largely unexamined and controversial question. We therefore used prospective data from the Physicians' Health Study enrollment cohort to assess whether light to moderate alcohol intake is associated with reduced total and CVD mortality among hypertensive men.
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METHODS

STUDY POPULATION
The Physicians' Health Study was a randomized, doubleblind, placebo-controlled trial of low-dose aspirin (325 mg every other day) and beta carotene (50 mg every other day) in the primary prevention of CVD and cancer. Potentially eligible participants were male physicians living in the United States. In 1982 letters of invitation, informed consent forms, and baseline questionnaires were mailed to 261248 male physicians listed on the American Medical Association's mailing tape. By February 1984, 104353 completed questionnaires had been returned. We excluded persons with missing alcohol data, and those reporting a history of myocardial infarction (MI), stroke, cancer, or liver disease at baseline. These exclusions resulted in a total of 88882 subjects, 14125 of whom had selfreported current or past treatment for hypertension and thus comprised our study population.
BASELINE DATA
Information about alcohol consumption and several other coronary risk factors was collected at baseline. The physicians were asked in a single question how often they usually consumed alcoholic beverages (including beer, wine, and liquor) and offered 7 possible responses: rarely/never; 1 to 3 per month; 1 per week; 2 to 4 per week; 5 to 6 per week; 1 per day; and 2 or more per day. We interpreted the responses to be the number of drinks consumed in the specified period. Information was also collected about other self-reported coronary risk factors, including age, cigarette smoking (never, past, or current [Ͻ20 cigarettes/d or Ն20 cigarettes/d]), cholesterol level, use of cholesterollowering medications (yes/no), systolic (SBP) and diastolic (DBP) blood pressure, frequency of vigorous exercise (Ն1/wk), and history of angina pectoris (yes/no) and diabetes mellitus (yes/no). Body mass index was calculated from self-reported weight in kilograms divided by the square of the height in meters.
END POINTS
Death was the study's primary end point for the entire enrollment cohort. Deaths were identified through systematic searches of the National Death Index, and death certificates were obtained for all individuals to determine the cause of death. All deaths occurring before February 1, 1988 , were recorded. Trained nosologists who had no knowledge of the cohort members' alcohol consumption status classified deaths by using the first revision of the Ninth International Classification of Diseases (ICD-9) in conjunction with the Automated Classification of Medical Entities Decision Tables. Causes were assigned to deaths that occurred during a mean follow-up of 5.4 years. End points included total, total CVD, MI, stroke, other CVD, and cancer deaths.
STATISTICAL ANALYSIS
Data on frequency of alcohol consumption were a priori collapsed into 4 categories of alcohol intake: rarely/never, monthly (1-3 drinks per month), weekly (1-6 drinks per week), and daily (Ն1 drink per day). We first calculated and compared means with 1-way analysis of variance and proportions of baseline risk factors among the alcohol intake categories. For each physician, person-years of follow-up were counted from the date when the enrollment questionnaire was returned to January 31, 1988, or to the date of death. Cox proportional hazards models were used to compute age-and multivariate-adjusted relative risks and 95% confidence intervals (CIs) for each category of alcohol use, using the relative risks (RRs) for men in the rarely/ never group as the referent. Multivariate models were adjusted for potential confounders by including terms for age, smoking, exercise, body mass index, history of angina, and diabetes. Additional analyses excluded the first 2 years of follow-up to determine if there existed possible confounding caused by recent changes in alcohol consumption due to terminal stages of illness. Linear trends were tested across the categories of alcohol consumption by using alcohol intake as an ordinal variable in the model. All statistical analyses were done using the SPSS statistical package, version 10.0 (SPSS Inc, Chicago, Ill).
RESULTS
During a mean follow-up of 5.4 years (a total of 75710 person-years), 1018 (7.2%) of 14125 men died. The causes of death are shown in the following tabulation: At baseline, 17% of the study population reported using alcohol rarely or never, 11% reported monthly alcohol use (1-3 drinks per month), 40% reported weekly alcohol use (1-6 alcoholic beverages per week); and the remaining 32% reported daily alcohol use (Ն1 drink per day). Baseline characteristics of the study population are presented in Table 1 . Men who reported daily alcohol intake tended to be older than the other men, to be former or current smokers, and to report more physical activity, less diabetes, and a greater aspirin use. Mean levels of self-reported SBP and DBP were highest in the group of daily drinkers (PϽ.001).
For total mortality, there was a significant inverse trend across alcohol intake classes in both the ageadjusted and multivariate-adjusted models (PϽ.001 for linear trend for both models). Compared with nondrinkers, weekly and daily drinkers had a significantly lower risk of death of 28% (95% CI, 14%-40%) and 27% (95% CI, 13%-39%) after multivariate adjustment ( Table 2) . Similarly, there was a reduced risk of CVD mortality with increased levels of alcohol intake in all models (P for trend Ͻ.001). Compared with those reporting rarely or never consuming alcohol, weekly drinkers had a multivariate RR of 0.61 (95% CI, 0.49-0.77), and daily drinkers had a multivariate RR of 0.56 (95% CI, 0.44-0.71) for CVD mortality ( Table 3) . We found no clear association between alcohol consumption and cancer mortality, but few men consumed heavy amounts of alcohol. Of the CVD deaths, 209 (36.1%) were attributed to acute MI. The relationship between alcohol consumption and death from MI was L-shaped, with a multivariate-adjusted RR of 0.55 (95% CI, 0.38-0.80) among those who reported weekly alcohol consumption, and a multivariate-adjusted RR of 0.47 (95% CI, 0.32-0.69) for daily drinkers (P for trend Ͻ.001) ( Table 3 ). There were 63 deaths from stroke mortality (10.9% of CVD deaths); a nonsignificant U-shaped relation, with the lowest risk among men in the weekly consumption group, had a multivariate-adjusted RR of 0.68.
There was no clear association between alcohol intake and other CVD deaths.
To test whether the effects of alcohol on mortality were sustained in the highest recorded level of alcohol intake in this population, we calculated the RRs for total and CVD mortality for the 664 men consuming 2 or more drinks a day (there were 61 deaths in this group, including 35 from CVD). For both total and CVD mortality, the significant inverse linear trends remained. Compared with nondrinkers, the men consuming 2 or more drinks a day had a multivariate-adjusted RR of 0.72 (95% CI, 0.49-1.10) for CVD mortality. The P trends in multivariate-adjusted models were significant (P for linear trend=.001 for total mortality and Ͻ.001 for CVD mortality).
We did not adjust for history of high cholesterol levels in our primary models because this risk factor may be in the casual pathway of alcohol-associated mortality. Analyses repeated with adjustment for high cholesterol levels (reported blood cholesterol level of 260 mg/dL [6.20 mmol/L] or higher, or history of treatment for high cholesterol levels), did not materially affect RRs. After excluding the first 2 years of follow-up, the same significant inverse association between alcohol consumption and total or cardiovascular mortality was sustained.
To test whether the effects of light to moderate alcohol intake were modified by age, we calculated the RR for total mortality for men younger than 60 years and 60 years and older. In both age groups there were similar reductions in risks of total mortality, with an inverse trend across alcohol intake groups ( Table 4) .
To test whether the benefit of light to moderate alcohol intake was dependent on blood pressure control, we calculated the RR for CVD mortality for men whose self-reported blood pressure was within the goal range for controlled hypertension (SBPϽ140 mm Hg and DBPϽ90 mm Hg), and for a group of men whose selfreported blood pressure control was not satisfactory (SBPՆ140 mm Hg or DBPՆ90 mm Hg). The associa- tion between CVD mortality and alcohol intake was similar in the 2 groups ( Table 5) .
COMMENT
Our results show that light to moderate alcohol consumption in men with hypertension, defined as any history of past or current antihypertensive therapy, was inversely associated with the risk of total and cardiovascular mortality. These associations were independent of major coronary risk factors for coronary heart disease, and are consistent with earlier reports of an inverse association between light to moderate drinking and the risk of total and cardiovascular mortality in primary and secondary prevention. [9] [10] [11] [12] [13] [14] [15] [16] Therefore, the observed benefits of light to moderate alcohol intake on total and CVD mortality may extend to men with hypertension.
To our knowledge, only a few studies have examined alcohol consumption and cardiovascular mortality in hypertensive subjects. 6, 17 Palmer et al 17 observed that male drinkers with hypertension had a reduced risk of stroke mortality and possibly of coronary heart disease mortality. The total mortality of drinkers and nondrinkers was not significantly different because there is an increased risk of death from noncirculatory causes with increased alcohol consumption.
A J-shaped association exists between alcohol consumption and blood pressure, and a blood pressure elevation begins with approximately 3 drinks per day for both sexes and all racial groups. [18] [19] [20] [21] Prospective observational studies [21] [22] [23] and clinical trials 7, 8 have indicated that lowering high levels of alcohol consumption (Ն3 drinks per day) is associated with a reduction in blood pressure. There appears to be a J-or U-shaped relation between alcohol consumption and total mortality. [12] [13] [14] [15] [16] 24 These curves likely reflect benefits of light to moderate alcohol consumption on cardiovascular mortality, and detrimental effects of heavy consumption, particularly on cancer mortality. 25, 26 An examination of total and CVD mortality among the men consuming 2 or more drinks per day showed little or no association for total and CVD mortality. However, few men had 2 or more drinks per day. This may reflect the inflection point of a U-or Jshaped relation between alcohol consumption and mortality, which is consistent with the hypothesis that the detrimental effects of heavy drinking may begin to appear with 2 or 3 drinks per day.
Because the balance of adverse and beneficial effects of drinking on mortality depends on age and background cardiovascular risk, those with higher cardiovascular risk tend to have the greatest benefit of light to moderate alcohol consumption. 10, 27 When we com- pared the results of our analysis with the similar analysis done in the whole enrollment cohort, 14 thus including hypertensive and nonhypertensive men, the RRs were similar for total mortality and somewhat higher for CVD mortality, suggesting that the hypertension status has little or no effect on the effects of alcohol. The selection of subjects with hypertension, a group with higher cardiovascular risks, probably accounted for the 45% reduction in CVD mortality risk in our study. The CVD mortality risk reduction was primary driven by the significant 45% to 53% reduction in MI mortality risk. The relationship between alcohol and total mortality remained Lshaped, probably owing to light to moderate alcohol consumption levels among study participants; therefore, decreased CVD mortality risk was not offset by an increase in mortality related to heavy alcohol consumption.
To an unknown extent, elevated blood pressure may be attributable to heavy alcohol consumption in indiciduals with hypertension. However, we believe that very few male physicians in our study fall into this category for 2 reasons. First, only 3.2% of men in the overall Physicians' Health Study enrollment cohort (including both nonhypertensive and hypertensive individuals) 14 consumed 2 or more alcoholic drinks per day, which would be deemed heavy in most epidemiological investigations and may lead to the development of hypertension. This study population of male physicians reported consuming lower amounts of alcohol than subjects in other studies. Second, some recent US studies indicate that light to moderate alcohol consumption has no adverse effects on the development of hypertension. 28, 29 Given the multifactorial etiology of hypertension, with genetic, biochemical, lifestyle, and dietary components, alcohol is but 1 factor that warrants consideration. For the above reasons, we believe deleterious effects of alcohol on hypertension in this population of hypertensive men are minimal and would have little effect on our analyses. Certainly other risk factors for hypertensioneg, physical activity, stress, diabetes, and high cholesterol level-fall into the same category as alcohol consumption and limit the extent to which we can extrapolate our results. Whether the inverse association between alcohol consumption and total and cause-specific mortality is causal remains unclear and requires additional research given its seemingly contradictory clinical recommendation.
The protective effect of moderate alcohol consumption has been suspected to be due, in part, to an increase in the levels of high-density lipoprotein cholesterol and its subfractions. 30, 31 Alcohol has also been shown to decrease platelet aggregation 32, 33 and to increase fibrinolytic activity. 34 These protective mechanisms can explain the cardioprotective effects of light to moderate alcohol consumption observed in our study. We postulate that, at low levels of alcohol consumption, the cardioprotective effects of alcohol take effect while blood pressure control may still be achieved.
Our study has several potential limitations. First, alcohol intake was self-reported, and any random misclassification of alcohol intake would likely bias our relative risk toward the null, thus underestimating the observed effect. However, health professionals generally provide reliable self-reports of alcohol use. 35, 36 Second, our use of a single measure of alcohol consumption did not account for changes in alcohol intake over time. This could also lead to some misclassification, although drinking patterns were fairly stable over time in this cohort. 37 Third, while we have not validated the measurement of alcohol consumption in the Physicians' Health Study, we still believe that self-reported alcohol intake has reasonable validity based on studies among health professionals and stable drinking patterns over time in these men. 37 Fourth, we acquired information on average weekly intake with no details on drinking patterns. We could not differentiate a person having 1 drink each day from one having 7 drinks 1 day per week. Fifth, we were unable to compare the separate effects of wine, beer, and liquor consumption, but most data suggest that the benefits of alcohol are dependent on its ethanol content rather than other components. 38 Sixth, self-reported blood pressure and hypertension values may be subject to misclassification. However, a single self-report of blood pressure by physicians is highly correlated with measured SBP (r=0.72) and DBP (r =0.60). 39 In a pilot study the sensitivity of hypertension diagnoses in the Physicians' Health Study was 89%, which is consistent with results from similar cohorts of well-educated men. 40 Seventh, the reduced risk of CVD among drinkers may be explained by a tainting of the reference group, which may include former drinkers who stopped drinking because of comorbid conditions placing them at a greater risk of death. 41 Although we were unable to exclude recent former drinkers, we excluded any physician who reported a history of MI, stroke, cancer, or liver disease. Finally, because the study participants consisted of male physicians with relatively low levels of alcohol consumption, these results may not be generalized to populations with higher levels of alcohol consumption. In summary, this study suggests that light to moderate alcohol consumption among men with hypertension is associated with a reduction in risk of total and cardiovascular mortality. The magnitude of risk reductions seems to parallel results from primary and secondary prevention studies of CVD in the general population. However, these results should be interpreted with caution and require confirmation from other studies. A discussion of alcohol intake should be a part of routine preventive counseling. In light of major clinical and public health problems associated with heavy drinking, recommendations regarding alcohol use must be made on an individual basis after carefully assessing cardiovascular risk profile and the risks and benefits of any changes in drinking behavior. However, patients with hypertension who are able to maintain light to moderate alcohol intake have no compelling reason to change their lifestyle and eliminate a possibly beneficial habit.
